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57 ABSTRACT 
A low pressure sealing arrangement for a fuel injector 
which includes a housing containing a cylindrical barrel 
having a bore formed therein. Within the bore is posi 
tioned an axially movable plunger and piston which 
form a timing chamber therebetween. An inner surface 
of the housing cooperates with an outer surface of the 
barrel to form an annular cavity and a passage connects 
one end of the annular cavity with the timing chamber. 
Located within the annular cavity itself is arranged a 
pressure activated valve which is surrounded by a cy 
lindrical sleeve. The pressure activated valve is spring 
biased to a closed position and is movable between an 
open and a closed position to regulate the flow of fluid 
into the timing chamber. The outer surface of the pres 
sure activated valve cooperates with the inner surface 
of a cylindrical sleeve to form a first low pressure seal 
therewith when the valve is in the closed position. In 
addition, an O-ring positioned at one end of the cylin 
drical sleeve abuts against a top surface of the annular 
cavity to form a second low pressure seal when the 
pressure activated valve is in the closed position. The 
two low pressure seals prevent leakage of fluid from the 
timing chamber while permitting rapid reciprocation of 
the pressure activated valve without exerting an exces 
sive amount of drag thereon. 

5 Claims, 3 Drawing Figures 

NY RN SS 3 || 2N. 33N2 2 2SN 6O 2,2R 26N 263S-54 Néi2S 3.3N É 3. Š 
22 R s 

  

  

  

  

  

    

  

  

    

    



Sheet 1 of 2 4,393,847 Jul. 19, 1983 U.S. Patent 

N (W?ès   

  

  

  

  

  

  



4,393,847 

AIG 2 

Sheet 2 of 2 

$ $ $ $ $ 

Az 

2 

Jul. 19, 1983 

A4 

SN 

N 

U.S. Patent 

    

  

  



4,393,847 
1. 

Low PRESSURE SEALING ARRANGEMENT FOR 
A FUEL INJECTOR - , i. : . . . . . . . 

FIELD OF THE INVENTION 
This invention relates to a low pressure sealing ar 

rangement for a fuel injector and more particularly to a 
low pressure sealing arrangement which reduces the 
drag forces on a reciprocating valve as it moves be 
tween an open and a closed position. 

BACKGROUND OF THE INVENTION 

Fuel injectors are devices used on internal combus 
tion engines for the delivery of fuel into the cylinder of 
the engine. The fuel injectors are mechanically driven 
from the camshaft of the engine, via a rocker arm mech 
anism, a cam and a cam follower. The mechanical 
mechanism actuates a plunger which reciprocates 
within a bore of the fuel injector and in turn actuates a 
piston also located within the bore. Located between 
the plunger and the piston is a timing chamber and 
located between the piston and the nozzle of the fuel 
injector is a metering chamber. By supplying pressur 
ized fluid to the timing and metering chambers and by 
controlling the amount of fluid into and out of these 
chambers by one or more valves, one can control both 
the timing and the metering of fuel into the combustion 
chamber of the engine. During the operation of such 
fuel injectors, there is a buildup of pressure within the 
timing chamber during a portion of the cycle and this 
pressure could become very high. One of the present 
problems with such fuel injectors is a need to prevent 
leakage around the valve which controls the passage of 
fuel into and out of the timing chamber. Various at 
tempts have been made to alleviate this problem but few 
have been fully satisfactory due to the large pressure 
values. One solution uses a sliding valve and is taught in 
U.S. Pat. Nos. 4,235,374 and 4,281,792. However, the 
use of such a slide valve does not substantially solve the 
leakage problem. In addition to providing a low pres 
sure seal to prevent leakage of fuel from the timing 
chamber during high pressure situations, there is also a 
need to create a seal which exerts a minimum amount of 
drag force on the valve as it rapidly reciprocates be 
tween an open and a closed position. Now a sealing 
arrangement has been invented which will satisfy these 
needs. 

SUMMARY OF THE INVENTION 

Briefly, this invention relates to a low pressure seal 
ing arrangement which includes a housing containing a 
cylindrical barrel therein. An inner surface of the hous 
ing cooperates with an outer surface of the barrel to 
form an annular cavity therebetween. The barrel also 
contains an axial bore in which are positioned a plunger 
and a piston which are spaced apart from each other. 
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Located at one end of the bore is a nozzle which re 
leases fuel into the combustion chamber of an engine. 
Defined within the bore between the plunger and the 
piston is a timing chamber and defined within the bore 
between the piston and the nozzle is a metering cham 
ber. Passages are arranged in the housing and in the 
barrel for routing pressurized fuel to the timing cham 
ber, to the metering chamber and to opposite ends of the 
annular cavity. A control valve is positioned across one 
of the passages for varying the flow of pressurized fuel 
to one end of the annular cavity. Within the annular 
cavity is arranged a pressure activated valve which is 
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2 
movable between an open position permitting fluid flow 
from the pressurized source into the timing chamber 
and a closed position preventing fluid flow from the 
pressurized source into the timing chamber. Also ar 
ranged concentrically about the pressure activated 
valve and within the annular cavity is a cylindrical 
sleeve. The inner surface of the cylindrical sleeve 
contacts the outer surface of the pressure activated 
valve and forms a first low pressure seal therewith. In 
addition, an end of the cylindrical sleeve is biased 
against a surface of the annular cavity to form a second 
low pressure seal therewith. The first and second seals 
prevent leakage of pressurized fluid out of the timing 
chamber while permitting rapid reciprocal movement 
of the pressure activated valve between its open and 
closed positions. 
The general object of this invention is to provide a 

low pressure sealing arrangement for a fuel injector. A 
more specific object of this invention is to provide a low 
pressure sealing arrangement for a fuel injector which 
will permit a pressure activated valve to reciprocate 
between its open and closed position while exerting a 
minimal amount of drag forces thereon. 
Another object of this invention is to provide a low 

pressure sealing arrangement for a fuel injector which 
will reduce the number of precision parts needed in its 
construction. 

Still another object of this invention is to provide a 
low pressure sealing arrangement for a fuel injector 
which is simple and economical to build. 
Other objects and advantages of the present invention 

will become more apparent to those skilled in the art in 
view of the following description and the drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS, 
FIG. 1 is a sectional view of a fuel injector having the 

low pressure sealing arrangement. 
FIG. 2 is an enlarged sectional view of a portion of 

the low pressure sealing arrangement shown in FIG. 1 
with the plunger and piston removed. 
FIG. 3 is an exploded view of the pressure activated 

valve, the cylindrical sleeve, and a stop plate, depicted 
in FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 1, a fuel injector 10 is shown hav 
ing a housing 12 enclosing a cylindrical barrel 14. An 
inner surface 16 of the housing 12 cooperates with an 
outer surface 18 of the cylindrical barrel 14 to form an 
annular cavity 20, the purpose of which will be ex 
plained shortly. Formed within the cylindrical barrel 14 
is a bore 22, one end of which communicates with a 
nozzle 24 attached to an end of the housing 12. The 
nozzle 24 contains a poppet valve 26 which is biased to 
a closed position by a spring 28 to prevent fluid flow out 
of the nozzle 24 and into the combustion chamber of the 
engine. The poppet valve 26, preferably a differential 
area needle valve, is opened by an increase of pressure 
unseating the valve 26 against the bins of the spring 28 
to thereby allow fluid to flow through the nozzle 24 and 
into the combustion chamber of the engine. 
Movably positioned within the bore 22 is a plunger 30 

and a piston 32 which are spaced apart from each other. 
The plunger 30 is mechanically driven from the cam 
shaft of the engine, typically by a rocker arm mecha 
inism, a cam and a can follower, none of which are 
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shown since they are well known to those skilled in the 
fuel injection art. The plunger 30 is biased upwardly by 
a spring 34 and is depressed downward into the housing 
12 by the movement of the mechanically driven mecha 
nism operated off the camshaft. Defined within the bore 
22 between the plunger 30 and the piston 32 is a timing 
chamber 36 and defined within the bore 22 between the 
piston 32 and the nozzle 24 is a metering chamber 38. 
The timing chamber 36 controls the time at which fuel 
is injected through the nozzle 24 into the combustion 
chamber of the engine while the metering chamber 38 
controls the amount of fuel which is actually injected 
into the combustion chamber. 

Fuel to be injected from the fuel injector 10 is re 
tained in a reservoir 40 and is pressurized by a pump 42. 
From the pump 42, the pressurized fluid passes through 
a first passage 44 which is formed in both the housing 12 
and the barrel 14 and directs the fluid into the timing 
chamber 36. In so doing, the first passage 44 intersects 
the annular cavity 20 at a lower end. A second passage 
46 branches off the first passage 44 downstream of the 
pump 42, and passes into the housing 12. This second 
passage 46 terminates at an upper end of the annular 
cavity 20. A control valve 48 is positioned across the 
second passage 46 and is operable by a control mecha 
nism 49 between a first and a second position. In the first 
position, pressurized fluid from the pump 42 is allowed 
to flow through the second passage 46 to the upper end 
of the annular cavity 20 while in the second position, 
the flow of pressurized fluid from the pump 42 is 
blocked and instead the second passage 46 is connected 
to the reservoir 40. While the control valve 48 is in the 
second position, pressurized fluid in the upper end of 
the annular cavity 20 is capable of being drained to the 
reservoir 40. 
Arranged within the annular cavity 20 is a pressure 

activated valve 50 which is biased downwards to a 
closed position by a spring 52, see FIG. 2. The pressure 
activated valve 50 is a cylindrical sleeve which recipro 
cates between an open and a closed position permitting 
or blocking the flow of pressurized fluid through the 
first passage 44 and into the timing chamber 36. The 
pressure activated valve 50 abuts a stop plate 54 when in 
a closed position. The stop plate 54, best seen in FIG. 3, 
is a ring-shaped device having a stepped configuration 
thereby creating an intermediate surface 56 and a top 
surface 58. When the pressure activated valve 50 is in its 
closed position, its bottom surface rests upon the top 
surface 58 of the stop plate 54. The stop plate 54 also 
contains a plurality of semi-circular grooves or open 
ings 59 formed in the top surface 58 which permit fluid 
from the first passage 44 to flow therethrough and im 
pinge on the underside of the pressure activated valve 
50. Also located within the annular cavity 20 and con 
centrically arranged about the pressure activated valve 
50 is a cylindrical sleeve 60. The cylindrical sleeve 60 
contains an inner surface 62 which surrounds an outer 
surface 64 of the pressure activated valve 50 thereby 
forming a first seal with the pressure activated valve 50. 
When assembled, the bottom end of the cylindrical 
sleeve 60 will rest on the intermediate surface 56 of the 
stop plate 64. In addition, the cylindrical sleeve 60 pref. 
erably contains a plurality of notches 66 on its bottom 
end surface which abuts the stop plate 54 so as to allow 
fluid to flow into the semi-circular grooves 59 and 
under the cylindrical sleeve 60. Formed about the oppo 
site or upper end of the cylindrical sleeve 60 is a shoul 
der 68 which supports an O-ring seal 70. The O-ring seal 
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4. 
70 abuts against a downwardly facing surface 72 of the 
annular cavity 20 and forms a second low pressure seal 
therewith. When assembled the cylindrical sleeve 60 
will be urged upwards by fluid pressure such that the 
O-ring seal 70 forms a seal against the surface 72. How 
ever, it should be noted that if the pressurized fluid on 
the bottom surface of the cylindrical sleeve 60 is insuffi 
cient to form such a seal, a spring or other type of bias 
ing means could be inserted between the cylindrical 
sleeve 60 and the stop plate 54 to assure a positive seal 
at the upper end. 

Referring again to FIG. 1, the fuel injector 10 also 
contains three additional passages denoted as 74, 76 and 
78 which are formed in the cylindrical barrel 14 below 
the first passage 44. The passage 74 is of a very small 
diameter and permits fluid flow out of the timing cham 
ber 36 when the piston 32 is at the bottom of its stroke. 
By having the passage 44 located as shown in FIG. 1, 
trapped fluid in the timing chamber 36 can be relieved 
without causing damage to the plunger 30 or to its 
control mechanism. The passage 76 is located below the 
passage 74 and serves to direct pressurized fluid to the 
metering chamber 38. Pressurized fluid flowing through 
the passage 76 passes through a first port 80 which 
communicates with a central bore 82 formed within the 
piston 32. The pressurized fluid depresses a check ball 
84 biased to a closed position by a spring 86 and flows 
through the central bore 82 to the metering chamber 38. 
The third passage 78 is also of a small diameter such as 
the passage 74 and serves to allow fluid to flow out of 
the central bore 82 of the piston 32 when the piston 32 
reaches the bottom of its stroke. Fluid trapped between 
the poppet valve 26 and the bottom of the piston 32 will 
flow back out of a second port 88, and around a groove 
90 and out through the passage 78. The second port 88 
and the groove 90 are machined into the piston 32 
below the first port 80. It should be noted that a relief 
valve 92 such as a spring-loaded check ball can be 
placed in communication with the first passage 44 to 
prevent the buildup of excessive pressure within this 
line. 

OPERATION 

Starting from a position wherein the plunger 30 and 
the piston 32 are both at the bottom of their stroke and 
the pressure activated valve 50 is in a down or closed 
position, the sequence of operation is as follows. The 
control valve 48 is in its first position allowing pressur 
ized fluid to flow from the pump 42 through the second 
passage 46 to the top of the annular cavity 20 while 
additional pressurized fluid flows through the first pas 
sage 44 to the bottom of the annular cavity 20. Since the 
pressure on the top and bottom of the pressure activated 
valve 50 is equal, the spring 52 will be able to retain the 
pressure activated valve 50 in its down or closed posi 
tion. At this time, the pressurized fluid in the first pas 
sage 44 is directed through the passage 76 and the port 
80 into the piston 32. This fluid will depress the check 
ball 84 against the spring 86 and enter into the metering 
chamber 38, 
As the plunger 30 moves upward via the force of the 

spring 34, the piston 32 will do likewise expanding the 
metering chamber 38 thereby allowing additional fluid 
to flow into it. At a preselected point, wherein a mea 
sured amount of fluid is present in the metering cham 
ber 38, the control valve 48 is moved by a signal from 
the control mechanism 49 to its second position wherein 
incoming pressurized fluid from the pump 42 is blocked 



4,393,847 
5 

while the pressurized fluid presently in the second pas 
sage 46 is allowed to drain to the reservoir 40. When 
this happens, the forces impinging on the top of the 
pressure activated valve 50 will be reduced to a value 
less than the pressurized fluid impinging on the bottom 5 
of the pressure activated valve 50. This permits the 
pressure activated valve 50 to move upwards and allow 
fluid flow through the first passage 44 and into the 
timing chamber 36. At this point, the pressurized fluid 
acting on both the top and bottom surfaces of the piston 
32 will be neutralized and the piston 32 will assume a 
stationary position. The plunger 30 will continue to 
move upward thereby allowing pressurized fluid to 
enter the timing chamber 36 until the cam and rocker 
arm mechanism exert downward pressure on the 
plunger 30 which overcomes the force of the spring 34. 
As the plunger 30 starts its downward stroke, the fluid 
in the timing chamber 36 will be pushed back out of the 
first passage 44 until a desired time for injection occurs. 
This outward flow of fluid will flow backwards' 
through the first passage 44 and out through the relief 
valve 92 if it should rise above a predetermined value. 
At the desired time, the control mechanism 49 allows 

the control valve 48 to move back to its first position 
wherein pressurized fluid is allowed to flow from the 
pump 42 to the upper end of the annular cavity 20. This 
action neutralizes the force of the pressurized fluid in 
pinging on the bottom surface of the pressure activated 
valve 50 and permits the spring 52 to force the pressure 
activated valve 50 downward to the closed position. 
This blocks off all further fluid flow into or out of the 
timing chamber 36. When this occurs, a hydraulic cou 
pling or link is formed by the fluid in the timing cham 
ber 36 so that the piston 32 will move in unison with the 
plunger 30. As the plunger 30 moves downward, the 
pressure of the fluid within the timing chamber 36 will 
increase and impinge on the inner surface of the pres 
sure activated valve 50. This increased pressure forces 
the outer surface 64 of the valve 50 firmly against the 
inner surface 62 of the cylindrical sleeve 60 thereby 
forming a positive seal therebetween. At the same time, 
the pressurized fluid in the first passage 44 will impinge 
on the lower surface of the cylindrical sleeve 60 and 
force it upward such that the O-ring seal 70 will abut 
against the end surface 72 of the annular cavity 20 and 
form a second low pressure seal therewith. These first 
and second low pressure seals are beneficial in prevent 
ing leakage of fluid out of the timing chamber 36 during 
the high pressure portion of the cycle. As the plunger 30 
continues downward, the piston 32 will move likewise 
and force the fluid presently contained in the metering 
chamber 38 to impinge on the differential area poppet 
valve 26. As the poppet valve 26 rises, the fluid in the 
metering chamber 38 will flow through the nozzle 24 
and into the combustion chamber of the engine. As the 
piston 32 approaches the bottom of its stroke, the port 
88 will be brought into communication with the passage 
78 thereby allowing fluid to flow out of the metering 
chamber 38 and prevent damage to the piston 32. Like 
wise, fluid in the timing chamber 36 will be brought into 
communication with the passage 74 and will be able to 
flow outward in a similar fashion. This completes one 
full cycle of the fuel injector 10. 

It should be noted that while the low pressure sealing 
arrangement of this invention has been described with a 
particular fuel injector, it can also be used in other types 
of injectors to prevent leakage of fuel out of either the 
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6 
timing chamber, the metering chamber or to prevent 
leakage of fuel out of both chambers. 
While the invention has been described in conjunc 

tion with a specific embodiment, it is to be understood 
that many alternatives, modifications, and variations 
will be apparent to those skilled in the art in light of the 
aforegoing description. Accordingly, this invention is 
intended to embrace all such alternatives, modifications, 
and variations which fall within the spirit and scope of 
the appended claims. 

I claim: 
1. A low pressure sealing arrangement for a fuel in 

jector comprising: 
(a) a housing containing a cylindrical barrel therein 
and having an annular cavity formed between an 
inner surface of said housing and an outer surface 
of said barrel, said barrel also having a bore formed 
therein; 

(b) a plunger and a piston, spaced therefrom, said 
plunger and piston being positioned within said 
bore for axial movement; 

(c) a nozzle situated at one end of said bore remote 
from said plunger for releasing fuel into a combus 
tion chamber of an engine; 

(d) a timing chamber defined in said bore between 
said plunger and said piston being adapted to re 
ceive pressurized fluid for creating a coupling be 
tween said plunger and said piston; 

(e) a metering chamber defined in said bore between 
said piston and said nozzle; 

(f) passages formed in said housing and said barrel for 
receiving pressurized fluid and transmitting said 
fluid into said timing chamber, into said metering 
chamber and into opposite ends of said annular 
cavity; 

(g) control means for varying the flow of pressurized 
fluid through one of said passages and into one of 
said annular cavity; 

(h) a pressure activated valve arranged in said annular 
cavity and movable by fluid pressure between an 
open position permitting fluid flow from said pres 
surized source into said timing chamber and a 
closed position preventing fluid flow from said 
pressurized source to said timing chamber; 

(i) a cylindrical sleeve concentrically arranged about 
said pressure activated valve within said annular 
cavity for providing a first low pressure seal 
against an outer surface of said pressure activated 
valve; and 

(j) means for axially urging an end of said cylindrical 
sleeve against a surface of said annular cavity to 
provide a second low pressure seal therewith, said 
first and second seals preventing leakage of fuel 
from said timing chamber during periods of in 
creased pressure while permitting rapid movement 
of said pressure activated valve between said open 
and closed position with a minimal amount of drag 
forces acting thereon. 

2. The low pressure sealing arrangement of claim 1 
wherein said cylindrical sleeve contains a plurality of 
notches formed about the periphery of one of its ends 
for facilitating the passage of pressurized fluid there 
through. 

3. The low pressure sealing arrangement of claim 1 
wherein said cylindrical sleeve contains an annular 
groove for supporting said second seal. 

4. The low pressure sealing arrangement of claim 1 
wherein a stop plate is positioned at one end of said 
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annular cavity, said stop plate containing a plurality of of pressurized fuel into said timing chamber thereby 
openings therein for permitting fluid to get under one creating a hydraulic link between said plunger and said 
end of said pressure activated valve. piston when in a closed position to selectively couple 

5. The low pressure sealing arrangement of claim 1 said plunger to said piston. 
wherein said pressure activated valve controls the flow 5 
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